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Introduction. Patients with end-stage renal disease (ESRD) have poor physical performance and exercise capacity due to frequent
dialysis treatments. Tai Chi exercises can be very useful in the area of rehabilitation of people with ESRD. Objectives. The aim of
the study was to assess exercise capacity in ESRD patients participating in 6-month Tai Chi training. Patients and Methods. Twenty
dialysis patients from Wroclaw took part in the training; at the end of the project, 14 patients remained (age 69.2 + 8.6 years). A
6-minute walk test (6MWT) and spiroergometry were performed at the beginning and after 6 months of training. Results. After
6 months of Tai Chi, significant improvements were recorded in mean distance in the 6MWT (387.89 versus 436.36 m), rate of
perceived exertion (7.4 versus 4.7), and spiroergometry (8.71 versus 10.08 min). Conclusions. In the ESRD patients taking part in Tai
Chi training, a definite improvement in exercise tolerance was recorded after the 6-month training. Tai Chi exercises conducted
on days without dialysis can be an effective and interesting form of rehabilitation for patients, offering them a chance for a better

quality of life and fewer falls and hospitalisations that are the result of it.

1. Introduction

Chronic kidney disease (CKD) is a common illness that
affects approximately 150 million people worldwide each
year. Furthermore, the number of patients with end-stage
CKD, when it becomes necessary to start dialysis, is quickly
growing. Currently, more than half of the patients included in
the dialysis programmes in Europe are people over the age of
65. The largest increase among all patients who qualified for
dialysis has been recorded in the 70+ age group. For example,
in 2012 in Poland, 64% of all qualified subjects were over the
age of 65.

An increase in morbidity is associated with the phe-
nomenon of prolonging average life expectancy and the

escalation of lifestyle diseases. Patients with CKD are bur-
dened with a number of comorbidities, such as diabetes and
cardiovascular diseases, which are often the cause of kidney
failure and, at the same time (cardiovascular events), are
responsible for their death. Poor physical performance pre-
dicts the high risk of mortality and cardiovascular events in
patients with CKD.

Progressive renal failure is often accompanied by an
unhealthy lifestyle, including a lack of regular physical activ-
ity. This contributes to a deterioration of functioning in every-
day life. The culmination of poor functioning in end-stage
renal failure occurs when a patient requires renal replacement
therapy. It is estimated that, after each month of dialysis,
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the level of physical activity of people with end-stage renal
disease (ESRD) decreases by 3.4% [1]. Compared to healthy
subjects and patients with a milder form of the disease,
the level of exercise tolerance, exercise capacity, strength, and
endurance of those on dialysis are significantly reduced [2, 3].
It is estimated that the ability for physical exertion in patients
with ESRD is 60-65% compared to healthy individuals with
sedentary lifestyles [4, 5].

The introduction of physical training to a therapeutic pro-
cess of people with CKD is recommended regardless of the
severity of the disease. Recommendations of the Kidney Dis-
ease: Improving Global Outcomes (KDIGO) indicate a need
to introduce rehabilitation programmes based on the princi-
ples of cardiac training due to the high risk of cardiovascular
events [6]. Patients with ESRD are offered two possibilities of
supervised physical training: during dialysis treatments (the
first two hours or up until ultrafiltration at 2.5 | of fluids) and
on days without dialysis.

There is a lot of scientific evidence confirming the
effectiveness of regular physical exercise during and between
dialysis treatments [7-11]. Physical training performed at
least twice a week for 45-60 minutes on average has an effect,
i.a., on improved aerobic capacity, reduced tissue insulin
resistance, and blood pressure, thereby modifying cardiovas-
cular risk factors [12]. Regular physical exercise also causes
hypertrophy of skeletal muscles (an increase of surface area
of type I and types Ila and IIx fibres in a cross section) [13],
improving muscle strength and power, lowering fatigability,
and causing an overall increase in physical functioning in
patients with ESRD [11, 14]. An improvement in physical
fitness significantly improves quality of life and daily func-
tioning [15].

Physical exercises performed on days without dialysis
offer more health benefits compared to training undertaken
during dialysis treatments [16]. On such days, patients gen-
erally feel better; they can perform free-range movements
at all levels and train in a standing position. An additional
benefit of these types of activities is their group character,
which improves social contact and motivation to exercise and
maintains regularity. However, it requires constant supervi-
sion by a qualified physiotherapist and doctor during each
training unit. Because of the burden of coexisting comor-
bidities, there are programmes introduced with low (30-49%
of HR s 25-44% VO,,,,,) to moderate (50-69% HR,.;
45-59% VO,,,.) intensity, which is gradually increased as
patients adapt to the exercise [17].

Tai Chi exercises have been very useful in the area of reha-
bilitation of people with ESRD. Because of their low intensity,
fluidity of movement, mindfulness, and diversity of forms,
they are considered safe and have many benefits in terms
of psychophysical aspects. The unquestionable advantage
of Chinese gymnastics is its relaxing nature, together with
breathing, overcoming the resistance of one’s own body, care-
tully shifting the center of gravity, and normalising muscle
tone, which are of great importance to people with ESRD due
to myopathy, renal osteodystrophy, and concomitant cardio-
vascular disorders [18]. The low intensity of Tai Chi exercises
is recommended for those leading a sedentary lifestyle,
people who are frail, and the elderly [19].
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In the literature, there is little scientific information about
the effects of Tai Chi exercises on patients undergoing dialysis
[20-23], including only two investigations concerning Tai
Chi exercises on days without dialysis [21, 22]. Therefore, the
aim of the study was to assess the exercise capacity of patients
with end-stage renal failure participating in a six-month Tai
Chi training conducted on days without dialysis.

2. Methods

Studies were performed in the Laboratory of Functional Stud-
ies at the Department of Physiotherapy of the University of
Physical Education in Wroclaw. Tai Chi training was under-
taken by twenty dialysis patients of the Clinic of Nephrol-
ogy and Transplantation Medicine at the Wroclaw Medical
University. All were residents of the city who met the follow-
ing inclusion criteria: end-stage renal failure, hemodialysis
therapy for at least six months prior to the commencement
of research, attending practitioner’s consent to participate in
training, and adequate dialysis therapy (dialysis adequacy
ratio Kt/V > 1.2: protein catabolic rate 0.8-1.4 g protein/kg
of body weight/day). The final analysis excluded patients who
died during the study, received a kidney transplant, did not
want to complete the questionnaire again, or attended fewer
than 36 training sessions (<75% of the training cycle). Lack
of cooperation (especially due to dementia) and absence of
written informed consent were other reasons for exclusion
from the study.

To participate in the study, patients were qualified by
a nephrologist and a cardiologist (see study flow chart,
Figure 1). The nephrologist’s permission to participate in
the study was based on the patient’s recent health status
and biochemistry results. Each patient was informed of the
voluntary nature of the study and of the option to withdraw
from the exercise training. To carry out the study, approval
from the Bioethics Committee of the University of Physical
Education in Wroclaw was obtained. All patients gave their
informed written consent to participate in the study. During
the study project, one patient died of pneumonia (high CRP,
WBC) and the death was not associated with participation in
Tai Chi training.

2.1. Outcome Measures. A personal questionnaire, six-
minute walk test (6MWT), and spiroergometry on a K4b2
by COSMED (Italy) ergospirometer were used in the study.
Each patient filled out a personal questionnaire once, before
the training. At the beginning (¢,) and after six months of
Tai Chi exercise training (t,), a 6MWT and spiroergometry
were performed.

2.2. A Personal Questionnaire. The questionnaire consisted
of two parts and included both sociodemographic data (age,
gender, marital status, education, and number of years on
dialysis) and clinical data related to the disease (date of
diagnosis, date of commencement of dialysis, cause of renal
failure, and number of comorbidities). The first part was to be
filled by the patient and the other part by the staff based on
the medical history report.
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[ Enrollment ]

All dialysis patients from two dialysis centers in Wroclaw
(residents of Wroclaw) n = 75

Patients excluded from the study (n = 45) due to
(I) Infection/progression of cancer
(II) Dementia
(IIT) Dialysis treatment less than 6 months

(IV) Lack of willingness to participate in training
(V) Medical contraindications to exercise specified by a
nephrologist/cardiologist

Patients who qualified (no contraindications, verbal consent) (n = 30)

Lack of written consent despite a verbal declaration to

do so (n =10)

Number of patients from Wroclaw starting training (n = 20)

(I) Death (n = 1) was not associated with participation in Tai
Chi training
(IT) Not willing to participate in final tests (n = 3)
(III) Insufficient participation in Tai Chi training (n = 2)

[ Analysis

J

of Tai Chi (n = 14)

Final number of patients who completed 6 months

FIGURE 1: The recruitment process towards the study group.

2.3. 6MWT. A 6MWT was performed in accordance with
the guidelines of the American Thoracic Society, that is,
along a 30m corridor under medical supervision [24]. The
respondent was asked to walk for six minutes at a pace that
they used daily. The study measured the distance covered
during the entire test. This test allowed for the assessment of
the levels of exercise tolerance and exercise capacity. Covering
a distance of 600-700 m was considered satisfactory, while a
distance of fewer than 300 m indicated a poor prognosis [24].
Before the test, the respondents were informed of the pos-
sibility of resting during the test in a standing or sitting
position (on chairs located along the corridor) when symp-
toms of exercise intolerance (dyspnoea, shortness of breath,
maximum pain of the lower extremities, general fatigue, etc.)
intensified.

In the case of severe symptoms of exercise intolerance
(dyspnoea, shortness of breath, dizziness, blurred vision,
sudden sweating, cyanosis, general weakness, and fatigue)

that did not subside despite a temporary rest in a sitting or
standing position, the test was discontinued immediately.

The test results consisted of a distance, measured in m
(with accuracy of 1m), and a level of subjective fatigue
according to the 10-point Borg scale (where 0 is no fatigue/
dyspnoea and 10 is extreme fatigue/shortness of breath).
Before beginning the test, immediately after it, and in the fifth
minute of restitution, as well as at a time when the respondent
was resting as a result of intensifying symptoms of exercise
intolerance, pulse rate measurements were taken at the radial
artery of the upper extremity without a fistula. In addition,
blood pressure readings were taken in a sitting position [24].

2.4. Spiroergometry. The test was performed using a k4b2
cardiopulmonary ergospirometer by COSMED (Italy), in line
with the protocol developed at Bartnet-Lab using the cycle-
ergometer by Kettler. The measurement of gas exchange



during the exercise test (spiroergometry) is a sophisticated
measurement for assessing exercise capacity.

The exercise test was conducted in the form of a progres-
sive test. During the first minute of the test, resting param-
eters were recorded. The initial power load for both women
and men was 25 W. Patients pedalled on the ergometer with
a frequency of revolutions of 60-90 rpm. In each subsequent
minute, the load was increased by 5W for women and 10 W
for men. The test lasted until the patients refused to continue
or until the pedalling frequency dropped below 59 rpm.

After the completion of the test, for another three min-
utes, the ergospirometer registered the restitution parame-
ters. The following parameters were analysed: minute ventila-
tion VE (L/min), oxygen uptake VO, (mL/min), and oxygen
uptake per kg of body weight VO,/kg (mL/min/kg). These
were maximal values obtained in the progressive maximal test
(largest values, averaged over 15-second intervals).

2.5. Tai Chi Training. The Tai Chi training was held twice a
week for 60 minutes for a period of six months (48 training
sessions). Training sessions took place at a gymnasium
in the Department of Physiotherapy of the University of
Physical Education in Wroclaw on days without dialysis,
under constant supervision of a certified Tai Chi specialist
and an attending practitioner. The Tai Chi 24-form Yang (24
forms of Beijing) was used in the training. The form 24 Tai
Chi Chuan of the Yang style was the most common form of
Tai Chi training, defined as a standardised form from Beijing
[25].

The intensity of classes increased gradually. For patients’
safety, a team of therapists were monitoring the limits per-
missible in cardiac rehabilitation concerning heart rate and
blood pressure, as defined by international standards [26].
In addition, the basic parameter determining the maximum
safe level of physical activity was the heart rate limit (HR,,),
which was determined individually for each patient during
the exercise stress test. An increase in the heart rate of up to
50% of HR,,, in weeks 1-4, up to 60% of the rate in weeks
4-8, up to 70% in weeks 8-16, and up to 80% in weeks 16-24
was deemed safe. An allowable subjective submaximal fatigue
during training, not exceeding 7-8 points on a simplified 10-
point Borg scale, was also considered.

2.6. Statistical Analysis. A statistical description of the data
included the determination of mean values, standard devi-
ations, and a range of variations, that is, maximum and
minimum values in the distribution of a characteristic. The
normality of the distribution of analysed characteristics was
assessed using the Shapiro-Wilk test. The sexual dimorphism
of the age distribution was evaluated using Student’s ¢-test
for independent samples. Changes in the distribution of
characteristics as a result of the six-month Tai Chi training
were examined using Student’s t-test for dependent sam-
ples. Correlations were evaluated using Pearson’s correlation
coeflicient (r). The critical significance level was set at o =
0.05. Statistical analysis was conducted using STATISTICA
10 software package by StatSoft.

Evidence-Based Complementary and Alternative Medicine

TABLE 1: Baseline characteristics of the patients.

. - Total pati 9
Baseline characteristics otal patients (%)

(n=14)

Age

Mean (SD) 69.2 (8.6)

Range 55-83
Gender

Women 7 (50)

Men 7 (50)
Education

Primary and vocational 2 (14.3)

Secondary 8 (5714)

Higher 4(28.57)
Marital status
Married 7 (50)
Single people (widow(er), unmarried) 7 (50)
Cause of ESRD:

Nephropathy (diabetic + hypertensive) 6 (42.85)

Glomerulonephritis 5(35.72)

ADPDK 2 (14.3)

Other 1(7.14)
Disease duration (years)

Mean (SD) 11.5 (9.2)
Duration of dialysis (years)

Mean 7.2 (4.1)
Number of comorbidities

Mean (SD) 2.85(2.1)
Comorbidities:

Hypertension 11

Diabetes 5

Cardiovascular disease (ischemic heart 9

disease, atrial fibrillation, TTA, stroke)

Peripheral artery disease 7

Degenerative joint disease 2

Other 6
3. Results

Twenty patients met the study criteria. At the end of the
research project, 14 patients remained (Figure 1). Their mean
age was 69.2 + 8.6 years, including seven women and seven
men. The characteristics of the study group are shown in
Table 1.

The average distance achieved in the 6MWT test was
387.89 m, which improved significantly after six months of
Tai Chi training (P = 0.019). There was also a decline in
subjective fatigue as a result of physical effort, which was
assessed using a 10-point Borg scale (P = 0.002) (Table 2).
Mean values of heart rate frequency and blood pressure did
not change significantly (Table 3).

The analysis of changes to the spiroergometric parameters
in response to a six-month cycle of Tai Chi showed a statisti-
cally significant prolongation of the exercise stress test regard-
ing time using a cycloergometer (P = 0.013). The remaining
parameters were not statistically significant (Table 4).
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TABLE 2: The changes in result of 6MWT after 6 months of Tai Chi training.

Student’s ¢-test

Variable Measurement Mean SD Mean change »
t
6MWT [m] i 58789 13980 485 267 0.019°
t, 436.36 186.49
Borg scale h 4 0.7 2.7 8.80 0.002°
t, 47 07

P < 0.05; t,: before Tai Chi training; t,: after Tai Chi training.

TaBLE 3: Effects of Tai Chi training on heart rate and blood pressure before and after 6MW'T.

Variable Measurement Mean Mean change Students t-test
Before 6SMWT After 6SMWT t p
HR, bpm b 791 89.3 10.2 0.18 0.857
t, 78.7 88.4 9.6
SBP, mmHg t 125.6 151.0 25.4 120 0253
t, 133.4 149.4 15.9
DBP, mmHg b 749 8.5 106 119 0.257
t, 779 84.6 6.7

4P < 0.05; DBP: diastolic blood pressure; HR: heart rate; SBP: systolic blood pressure; ¢, : before Tai Chi training; t,: after Tai Chi training.

TABLE 4: Changes of spiroergometry parameters after 6-month Tai Chi training.

Student’s ¢-test

Variable Measurement Mean SD Mean change P
t

Test time, min f 871 276 137 2.89 0.013*
t, 10.08 3.72

MET b 4.34 153 0.35 1.72 0.109
t 4.69 1.90

VE, L/min b 43.00 16.98 0.89 0.55 0.594
t, 43.89 18.17

VO,, mL/min b 1096.6 2029 96.00 1.70 0.113
t, 1192.6 609.8

VO,/kg, mL/min/kg h 15.37 552 0.98 1.64 0.125
t 16.36 6.48

P < 0.05; t,: before Tai Chi exercise training; t,: after Tai Chi exercise training; VE: minute ventilation; VO,: oxygen uptake; VO,/kg: oxygen uptake per kg

of body weight.

The analysis of the correlation showed a positive relation-
ship between the distance obtained in the 6MWT and VE,
VO, mL/min, and VO,/kg both prior to partaking in Tai Chi
exercises (¢,) and after six months of training (t,) (Table 5).
The correlation of respondents’ ages with the 6MWT test
results and the spiroergometric variables was negative and
statistically insignificant.

4. Discussion

Thus far, only a few scientific reports confirmed the beneficial
effects of Tai Chi training among patients with ESRD. Positive
effects were confirmed in studies on physical fitness, muscu-
lar strength, balance and falls, cardiorespiratory parameters,
immune system efficacy, quality of sleep, and quality of life

[27-32]. However, the subject of Tai Chi training in kidney
diseases is still poorly understood.

The results obtained showed that, after six months of Tai
Chi training conducted on days without dialysis, the average
walking distance was lengthened by 12.5%. The improvement
applied to all respondents and was statistically significant,
as opposed to studies by Ling et al. [20], who evaluated,
among others, walking capacity of ESRD patients using the
6MWT. The improvement recorded over the average walking
distance in the 6MWT after three months of training was
only 4.1%. The reason could regard the unsupervised nature
of the proposed exercises (at home using a video), as well as
a shorter, three-month period of training [20].

The subjective feeling of fatigue following exercise was
reduced as a result of long-term, systematic Tai Chi training.
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TABLE 5: Pearson’s correlation of 6MW'T with spiroergometry parameters before and after Tai Chi training.

6MWT VE, L/min VO,, mL/min VO, /kg, mL/min/kg

t, 0.83 0.78" 0.77*

t, 0.87% 0.78" 0.83*

*Significant Pearson’s correlation; r; (0.05) = 0.53; £,: before Tai Chi training; t,: after Tai Chi training; VE: minute ventilation; VO,: oxygen uptake; VO, /kg:

oxygen uptake per kg of body weight.

Prior to the six-month programme, the physical effort exerted
during the test was perceived as very hard; after Tai Chi
training, it was perceived as somewhat hard. This additionally
showed an increase in exercise tolerance among respondents.
This was also confirmed in the correlation analysis, which
indicated a significant relationship between distance covered
in the 6MWT test and exercise capacity. Therefore, the
longer the distance a patient covered, the greater the exercise
capacity. This was important for patients with ESRD and it
was reflected in the improvement in their quality of life and
daily functioning.

The evaluation of exercise capacity by means of spiroer-
gometry showed a significant increase in exercise stress test
time (by 1.37 minutes). The respiratory parameters examined
did not change significantly. This was probably because Tai
Chi training was a low-intensity exercise, which did not
significantly increase respiratory rate; thus, it only slightly
improved the respiratory component of exercise capacity.
Therefore, the main process of the body’s physiological
adaptation to physical activity must take place in the cardio-
vascular and muscular system.

Thus far, the effects of Tai Chi training on the level
of exercise capacity in dialysis patients were not analysed.
However, many studies conducted among people with cardio-
vascular diseases, which often coexist in patients with ESRD,
confirmed the significant impact of long-term (over three
months) Tai Chi training on aerobic capacity, especially in
patients that had previously functioned at a very low level of
physical activity [28, 33].

It was worth noting that, in patients with ESRD, more
benefits were obtained when the training was performed on
days without dialysis, though it was burdened with a higher
percentage of resignation among participants (up to 50%)
[20]. Furthermore, Konstantinidou et al. (2002) confirmed
a greater effectiveness in improving exercise capacity among
people training on days without dialysis compared to training
performed during dialysis [16]. Also, in the present study, Tai
Chi training conducted on days without dialysis produced
measurable benefits. This method of rehabilitation seemed
to be more attractive and encouraging compared to training
during dialysis, while the group character of the activities
additionally motivated people to continue this form of train-
ing, thus improving the psychophysical condition of patients.

The obtained results require further research and verifi-
cation on a larger group of patients with ESRD. A control
group should also be introduced, which is a limitation of this
study. Nevertheless, even at this stage, it can be said that Tai
Chi training for six months significantly improves exercise
capacity and walking qualities and can be introduced into

the rehabilitation programmes of dialysis patients due to its
safe and effective form.

In conclusion, after six months of Tai Chi training, the
average 6MWT score and the time on a cycle-ergometer
significantly improved, which indicated a definite improve-
ment in exercise tolerance in all respondents. Tai Chi training
conducted on days without dialysis was an effective and
interesting form of rehabilitation for patients, providing a
chance for fewer falls and hospitalisations and a higher
quality of life.
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